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We initially describe a novel tRNA-derived SINE family, abundantly and randomly distributed in the genome of the bat Pipistrellus kuhli. We
present evidence that the LINE retrotransposition machinery is recruited for the creation of a new chimerical retrotranscript constituted by the
partial LINE reverse transcriptase ORF2, which is interrupted by the SINE15 retrotransposon. Structural homology between SINE15 and Homo
sapiens helix 6 7SL RNA allows us to propose multiple genome partners for SINE retrotransposition, such as SRP proteins and LINE enzymatic
machinery. Moreover, on the basis of the LINE and SINE/LINE chimerical transcripts, we propose a mutual relationship between SINE and LINE
retrotransposons.
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agated through the process of retrotransposition, in which RNA
transcripts are reverse-transcribed and the resulting cDNAs
reintegrated at various sites in the genome host. Short inter-
spersed nuclear elements (SINEs) and long interspersed nuclear
elements (LINEs), as well as the processed pseudogenes, are
included in this category. Among these elements, only a few
LINEs are referred to as autonomous retrotransposons because
they encode the proteins necessary for the retrotransposition;
however, most LINEs are inactive through deleterious muta-
tions, 5′-end truncations, or internal rearrangements [1].
The human LINE-1 (L1) is one of the best characterized
members of the extensive group of non-long terminal repeat
retrotransposons [2]. A functional full-length L1 element is
∼6 kb in size and contains a 5′ untranslated region (5′UTR)with
an internal promoter, two nonoverlapping open reading frames
(ORF1 and ORF2), and a 3′ UTR that terminates with a poly(A)
tail [3]. The product of ORF1 (ORF1p) is an RNA-binding☆ Sequence data from this article have been deposited with the GenBank Data
Library under Accession Nos. EU012340–EU012356.
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doi:10.1016/j.ygeno.2007.10.008protein, whereas ORF2 encodes a protein (ORF2p) with endo-
nuclease and reverse transcriptase (RT) activities [4]. In vitro
reconstitution experiments on the LINE retrotransposition
mechanism (also called target-primed reverse transcription)
indicated that ORF2p is able, via its N-terminal endonuclease
domain, to “nick” a double-stranded DNA target corresponding
to the best statistical signal T2A4 to generate a free 3′-OH used as
a primer for first-strand cDNA synthesis, via its reverse tran-
scriptase activity [5–7]. ORF1p is an RNA-binding protein that
could take part in the stabilization of L1 RNA to promote strand
transfer during the reverse transcription process [8]. LINE pro-
teins are particularly efficient for cis-retrotransposition, whereas
trans-retrotransposition for other cellular RNAs that depend on
LINE proteins occurs with a much lower efficiency [9].
On the other hand, SINEs are short (from 80 to 400 bp in size)
and nonautonomous retroposons without ORFs and lacking the
machinery to replicate themselves [10]. The idea that LINEs
might be a source of the enzymatic machinery required for
retroposition of SINEs (retropositional parasitism of SINEs on
LINEs) is based on the observation that some tRNA-derived
SINEs have sequence similarity in their 3′-end regions to the
partner LINE found in the same genome: for example, Pol III/
SINE and CR1-like LINE in turtle [11], HE1 SINE and HER1
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1 CR1-like LINE in Podarcis sicula [13]. However, considering
the very high copy number of SINEs in the vertebrate genomes,
it is plausible that these elements have developed alternative
parasitic strategies to secure their efficient amplification and thus
important roles in genome shaping. The majority of SINEs have
long been classified as selfish DNA and genome parasites;
however, so far SINEs appear to have gained novel functions,
acting for example as enhancers or silencers that modulate the
expression of preexisting functional genes [14].
To date, little molecular information is available on retro-
transposon sequences in bats, the second largest mammalian
order, which include 927 species classified in two suborders: the
cosmopolitan Microchiroptera and the Macrochiroptera of the
Old World tropics [15]. Borodulina and Kramerov [16] dis-
covered by the A-B PCR strategy a novel SINE family, termed
VES, in the genome of the batMyotis daubentoni. Recently, two
novel SINE families, Rhin-1 and Das-1, were identified from the
great horseshoe bat, Rhinolophus ferrumequinum [17].
Our study sheds light on the molecular organization and
genome function of retrotransposon elements in the microbat
species Pipistrellus kuhli and led us to the discovery of a novel
tRNA-derived SINE family. We also report a new chimerical
arrangement, LINE/SINE/LINE, and discuss its hypothetical
role, by defining for the first time a new symbiotic relationship
between SINE and LINE retrotransposons. Finally, we investi-
gated the presence of a structural relationship between SINEs
and LINEs in phylogenetically related species.
Results and discussion
Isolation and characterization of a novel tRNA-derived SINE
family
To isolate the first SINEs from the P. kuhli genome, we
screened the bat genomic library by hybridization with a probe
designed on the consensus sequence of the SINE VES family
from the bat M. daubentoni [16]. This approach helped us
identify a novel SINE family, which we named P.k.SINE. Fig. 1
shows the alignment of the SINEs and the deduced consensus
sequence of 221 bp. Comparative analysis showed that the
match between SINEs from the P. kuhli genome ranged from 28
to 76%. This sequence variability is usually found in most SINE
families [18].
As shown in Fig. 1, all SINEs present the typical structural
features of the VES elements: short direct flanking repeats (from
9 to 20 bp); a tRNAarg-related region, as reported for most other
tRNA-derived SINEs [19,13]; a 3′ AT-rich tail, an efficient
terminator for RNA polymerase III [20]; two promoters of RNA
polymerase III (A and B boxes); and a TC motif located
immediately upstream of the AT-rich tail. Like SINEs from
M. daubentoni, P.k.SINEs also present the box B′, an additional
box similar to box B and located downstream of the canonical
RNA polymerase III promoters. As proposed by Borodulina and
Kramerov [16], box B′ may have been produced by recom-
bination between two tRNA genes, pseudogenes, or SINEs and
may play a role in VES element transcription.Finally, a complete or partial TTAAAA hexanucleotide
located in the target site duplication (TSD) at both the 5′ and the
3′ end of several SINEs (15, 38, 59b, 117, 122, 126, 133, and
213) is similar to a T2A4 stretch preferably recognized by L1
endonuclease, which initiates integration of L1 copies [6]. This
suggests that the SINE integrations were mediated by the
retrotransposition machinery of a genome partner LINE.
Two SINEs (SINE59a and SINE59b) were identified in the
same orientation in the P.k.SINE59 clone, with a 500-bp
interspacer fragment. No significant sequence similarities were
identified when the 500-bp DNA spacer was compared with the
nucleotide sequences of the GenBank database. We found that
SINE59a is more degenerate than other SINEs, showing a low
percentage of identity versus the consensus sequence (32%).
Mechanisms such as unequal crossing over, amplification, and
further rounds of retrotransposition of SINEs in the neighboring
genome tracts may explain the “tandem duplication” of
SINE59a and SINE59b retrotransposons.
To establish the genome organization of the P.k.SINE family
in the P. kuhli genome, we carried out a Southern blot analysis
under high stringency conditions using the SINE15 probe. As
expected, all P. kuhli samples showed a strong hybridization
signal smeared along the track, which is typical for interspersed
genomic repeats (Fig. 2). This suggests that the P.k.SINE family
is abundantly and randomly distributed in the P. kuhli genome.
New LINE/SINE/LINE chimerical organization
Sequence analysis of the P.k.SINE15 clone revealed that the
SINE flanking regions are contiguously homologous to several
clone contigs of the X, 22, 13, and 7 human chromosomes
(GenBank Accession Nos. AL139111.20, AL080273.10, AL
353789.18, and AC009226.3, respectively) with identity per-
centage ranging between 85 and 87%. Thus, 5′ and 3′ SINE
flanking sequences were translated, and the resulting amino acid
sequence was used to screen the protein databases using the
program BLASTx (http://www.ncbi.nlm.nih.gov/BLAST/).
This search identified the RT-ORF2 of LINE-1 repetitive ele-
ments from Homo sapiens (GenBank Accession No.
1510254A) and Canis lupus familiaris (GenBank Accession
No. XP_848835) as having the greatest homology to the
predicted product of the SINE15 flanking region. The schematic
structure of this new chimerical retrotransposon LINE/SINE/
LINE found in the P. kuhli genome is depicted in Fig. 3. We
found that SINE15 is in the sense orientation compared to the
RT-ORF2 found in the flanking sequences. Moreover, in the 5′
SINE flanking sequence, but not in the 3′-end sequence, there
are stop codons and short indels that result in frameshift and
frame stop mutations.
Buzdin and colleagues [21] detected a new family of chime-
rical retrotranscripts formed by full-sized copies of U6 small
nuclear RNAs (snRNA) fused at their 3′ ends with 5′-truncated
L1 copies. Amechanism that includes a template switch from L1
mRNA to U6 snRNA during L1 reverse transcription could play
an essential role in the chimera’s formation, followed by the
integration of the chimeric cDNAs in the human genome as
preformed units [21]. This mechanism is based on the U6–L1
Fig. 1. Multiple sequence alignment of the consensus sequence of the P.k.SINE family with the 12 SINEs. Flanking direct repeats of each SINE are indicated in
lowercase and the complete or partial TTAAAA is black boxed. The nucleotides are numbered from the 5′ end of the consensus sequence: the tRNAarg-related region is
underlined; A, B, and B′ boxes are in bold; TC motif is in italic; AATAAA polyadenylation signal is underlined by a dashed line, and the AT-rich tract is double
underlined.
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direct repeats harboring a signal T2A4. The structural features
of the new LINE/SINE/LINE chimerical organization of the
P. kuhli genome might suggest that an RNA copy of a unit SINE
belonging to the P.k.SINE family has recruited the enzymatic
machinery from the genome partner LINE for its retroposition
and the resulting cDNA has been integrated into a preexisting
LINE. Moreover, the analysis of other SINE/LINE chimerical
organizations isolated by us from the P. kuhli genome (data not
shown) allows us to postulate that the formation of thechimerical arrangement is related to themultiple cryptic acceptor
sites throughout the LINE sequence, as hot spots that draw the
SINE insertion.
Analysis of the secondary structure of P.k.SINE15
To predict a hypothetical role of the RNA SINE15 on the
basis of both primary sequence and secondary structure, an RNA
database search was performed using the RSEARCH program
[22]. Comparative analysis suggests that a 24-nucleotide stretch
Fig. 4. Secondary structure analysis of an internal domain of RNA SINE15.
(A) Secondary structure of the domain covering nucleotide positions 96 to 119
of SINE15 (left) and helix 6 of H. sapiens 7SL RNA (right). The structure of
SINE15 was predicted from the mfold program [35]. The structure of helix 6
was borrowed from Kuglstatter and colleagues [27]. (B) Local alignment
provided by RSEARCH output. The first line indicates the secondary structure
of both primary structures in the Stockholm format. The numbers 137–160 and
96–119 represent the positions relative to the entire sequences of H. sapiens
7SL RNA and SINE15, respectively.
Fig. 2. Southern blotting analysis of genomic DNA digests from P. kuhli probed
with the SINE15 retrotransposon. Lanes: 1, EcoRI; 2, EcoRV; 3, BamHI; 4,
PstI; 5, KpnI; 6, HaeIII; 7, SacI; M1 and M2, II- and VIII-DIG molecular
weight markers, respectively (Roche). Sizes are indicated on the right.
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helix 6 of H. sapiens 7SL RNA (Fig. 4).
In higher eukaryotes, the signal recognition particle (SRP)
consists of a single molecule of 7SL RNA and six proteins
(SRP19, SRP54, and the SRP68/72 and SRP9/14 heterodimers).
Human 7SL RNA consists of an Alu right monomer interrupted
by 140 nucleotides of non-Alu DNA, termed the S sequence,
which is diagnostic of 7SL RNA-related sequences [23]. The
Alu domain, consisting of the SRP9/14 heterodimer bound to
one end of the RNA, is known to play a role in elongation arrest
[24]; the S domain consists of the other four proteins bound to
the helices 6 and 8 [25,26]. On the basis of the crystal structure of
the human SRP, it has been proposed that helix 6 plays a crucial
role in a stabilizing interaction of the SRP assembly [27].
The structure of 7SL RNA attracted considerable interest on
the basis of its partial homology toAlu elements [28]. In particular,
a structural similarity between the secondary structure of the Alu
RNA and the corresponding region of the 7SL RNA could be
responsible for the specific association between the Alu RNA and
the SRP9/14 heterodimer. This complex addresses theAluRNA to
the ribosome in close proximity to the nascent LINE proteins, byFig. 3. Schematic structure of the LINE/SINE/LINE chimerical organization found
interrupted by the 202-bp SINE15. The SINE sequence is flanked by 20- and 19-bp d
indicated. Primer positions designed for RT-PCR analysis are depicted below the chresulting in a high rate of retroposition of Alu elements in primate
genomes with a “cis preference-like effect” [9].
The secondary structure of SINE15, which is very close to
helix 6 from the 7SL transcript, could have a role in the
retrotransposition mechanism according to the model described
for Alu elements. Interestingly, Alu elements exhibit structural
similarity to the Alu domain of 7SL RNA, whereas SINE15 is
similar to the S domain of 7SL RNA. Our new structural
relationship could define an alternative parasitic strategy that
secures to the SINE multiple genome partners for its retrotrans-
position, such as SRP proteins and LINE enzymatic machinery.
Identification of an active element LINE and SINE/LINE
chimerical transcripts in the P. kuhli genome
Expression of a LINE transcript from P. kuhli total liver RNA
was investigated by RT-PCR analysis using primers designed on
regions of reverse transcriptase, at upstream and downstream
sites of SINE15 (5′-rt and 3′-rt primers; Fig. 3). As shown in
Fig. 5A, the primers amplified only a 387-bp cDNA band
(LINE1-cDNA). To characterize this transcript further, a cDNAin the P.k.SINE15 clone. The partial RT-ORF2 of an element L1-like related is
irect repeats, shown as black arrows. T2A4 and T2A3 sequences at both TSDs are
imerical structure.
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(LINE1, LINE2, LINE3, and LINE4) were consequently se-
quenced. These clones are identical and show high sequence
similarity to SINE15 flanking sequences. In fact, cDNA se-
quences encode a partial reverse transcriptase of ORF2 homol-
ogous to the L1 retrotransposon of H. sapiens (65% positivity;
GenBank Accession No. 1510254A) and C. familiaris (64%Fig. 5. Identification of the LINE1-like and SINE/LINE chimerical transcripts in P. k
(Invitrogen); 1, RT-PCR product obtained with the primers 5′-rt and 3′-rt (387 bp); 2,
cDNA (838 bp) amplified as a control using the actin 1 and actin 2 primers (Clontech)
correct size of the standard used for the boundary determination. (B) The translated
genome is aligned with the partial RT-ORF2 region from LINE retrotransposons of
Accession No. XP_848835) using the program ClustalW 1.8 [34]. Gaps are introduce
substitution, (.) semiconserved substitution. Amino acid sequences of the partial R
familiaris are indicated as P.k., L1, and L1-like, respectively. (C) Nucleotide sequence
and LINE region is underlined.positivity; GenBank Accession No. XP_848835) (Fig. 5B).
These results imply that in the P. kuhli genome there is at least a
transcriptionally active element LINE belonging to an L1-like
family. This is the first paper showing the evidence of a LINE
transcript in a Vespertilionidae bat species.
In light of the structural features of the new chimerical
arrangement found in the P. kuhli genome, we have alsouhli. (A) RT-PCR from P. kuhli liver RNA. Lanes: M, molecular mass markers
RT-PCR product obtained with the primers 5′-SINE and 3′-rt (469 bp); 3, β-actin
under the same RT-PCR conditions; 4, negative control. The arrows indicate the
amino acid sequence of the 387-bp LINE1-like cDNA product from the P. kuhli
H. sapiens (GenBank Accession No. 1510254A) and C. familiaris (GenBank
d into sequences to increase their similarity: (⁎) identical residues, (:) conserved
T-ORF2 domain of LINE retrotransposons from P. kuhli, H. sapiens, and C.
of the SINE/LINE chimerical cDNA. SINE region is in bold (from 1 to 193 bp)
Fig. 6. SINE/LINE chimerical retrotransposon analysis in several bat species.
(A) A 1.5% agarose gel electropherogram of the PCR products, using the 5′-rt
and 3′-rt primers, from (lanes 1–6) the P. kuhli, P. pipistrellus, M. myotis,
P. scapulatus, P. Poliocephalus, and P. alecto genomes, respectively. Lane M
contains molecular mass markers (Invitrogen); size markers are indicated on the
left and the correct PCR product sizes on the right. (B and C) Blot hybridization
of the amplification products from the gel in (A) with LINE1-cDNA and
SINE15 probes, respectively.
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was performed combining a specific oligo designed on a
SINE15 element (5′ SINE primer) and the 3′-rt primer (Figs. 3
and 5A). The 469-bp cDNA band (SINE/LINE cDNA) was
cloned into the pDrive vector and three clones (SINE/LINE1,
SINE/LINE2 and SINE/LINE3) were consequently sequenced.
All cDNA products showed chimeric transcripts with a 5′ part
including A, B and B′ boxes of the P.k.SINE family, imme-
diately followed by the 3′ part of an RT-ORF2 in the sense
orientation (Fig. 5C). Moreover, sequence analysis confirmed
that the SINE/LINE chimerical cDNA products were derived
from the SINE/LINE chimerical DNA organization found in the
P.k.SINE15 clone. In fact, the nucleotide sequence of the SINE
region (from 1 to 193 bp; Fig. 5C) is identical to the SINE15
retrotransposon of the LINE/SINE/LINE chimerical organiza-
tion and the 3′ downstream sequence (from 194 to 469 bp;
Fig. 5C) encodes a partial RT-ORF2 homologous to L1 retro-
transposons of H. sapiens (67% positivity) and C. familiaris
(70% positivity). Surprisingly, the strictly conserved amino acid
sequence (99%) between the SINE/LINE chimerical cDNA and
the translation product of the active element LINE (Fig. 4B)
suggests that the function of the RT domain within the SINE/
LINE and LINE families is highly constrained.
Such a SINE/LINE chimerical transcript might imply that the
3′ terminal of RT-ORF2 is transcribed from the RNA poly-
merase III promoters (A and B boxes and probably B′ box) of
the neighboring SINE15. The idea that SINEs could exert a
regulatory role on an adjacent gene and thus function as a
promoter sequence has been previously proposed by Brosius
[14]. More recently, it has been reported that several chimerical
retrotranscripts (U6-cDNA T41250 and U6-mRNA for the
nonhistone chromosomal protein) are expressed in human
tissues and the chimerization phenomenon can be considered a
mechanism for the formation of new genes by combining parts
of preexisting expressing sequences [29].
Our SINE/LINE chimerical transcript could be the result of a
mutual relationship between SINEs and LINEs in the P. kuhli
genome or at least between SINE15 and its partner LINE. On
one hand and according to the idea of the retropositional
parasitism of SINEs on LINEs [12], SINEs recruit the enzymatic
machinery for their retroposition from the corresponding partner
LINE; on the other hand a LINE located downstream in the
chimerical arrangement can take advantage of the upstream
promoter SINE [30].
Our idea of the mutual relationships that can generate SINE/
LINE chimerical retrotranscripts might also be confirmed by
several structural features of SINE15. First, the additional B′
box could potentiate the transcriptional activity of SINE15.
Second, the 5′–3′ direction of both SINE15 and its LINE target
can favor transcription in the sense orientation beginning from
the promoters of SINE15.
SINE/LINE chimerical retrotransposons in other bat species
To investigate the presence of SINE/LINE chimerical retro-
transposons in phylogenetically related bat species, the genomic
DNAs from P. kuhli and two other Vespertilionidae species andthree Pteropodidae species were used in our PCR analysis with
specific primers to the sequences flanking the SINE15 retro-
transposon (5′-rt and 3′-rt primers). In particular, we analyzed
two species belonging to different genera (Pipistrellus pipis-
trellus andMyotis myotis) of the subfamily Vespertilioninae and
three species from the family Pteropodidae (Pteropus scapula-
tus, Pteropus poliocephalus, and Pteropus alecto). As shown in
Fig. 6A, the amplicons of 400 and 633 bp from P. kuhli
correspond to LINE fragments containing and lacking the SINE
retrotransposon, respectively. The PCR products were trans-
ferred to membranes and separately hybridized with LINE1-
cDNA and SINE15 probes. The former probe hybridized to all
PCR products (Fig. 6B), whereas the latter probe hybridized
only to the 633- and 700-bp PCR products (Fig. 6C). This could
suggest the presence of LINE and SINE/LINE chimerical
retrotransposons in both Microchiroptera and Megachiroptera
genomes. To this end, PCR products of about 400 and 700 bp
from P. pipistrellus and P. alecto were cloned into the pDrive
vector followed by sequencing.
184 S. Fantaccione et al. / Genomics 91 (2008) 178–185A BLASTx search for the translated amino acid sequences
of the 379- and 426-bp sequences from P. pipistrellus and
P. alecto, respectively, showed a moderate level of amino acid
conservation, reaching 52–66% similarity, to the RT-ORF2
region from LINE1 and LINE1-like retrotransposons (data not
shown). Moreover, we found stop codons and short indels that
result in frameshift and frame stop mutations, indicating that
these LINE retrotransposons are transcriptionally inactive.
The 687- and 671-bp PCR products of P. pipistrellus and
P. alecto were characterized by the presence of the SINE/LINE
chimerical sequences. In particular, the 687-bp fragment ob-
tained by PCR amplification of P. pipistrellus DNA contains a
103-bp SINE in the antisense orientation followed by the 53-bp
3′ part of an L1-like element in the sense orientation (85%
similarity with L1-like retrotransposon from C. familiaris). The
SINE retrotransposon harbors the A, B and B′ boxes and is
lacking the TC motif and AT-rich tract and is flanked by 8-bp
direct repeats. In contrast, the extensively degenerated 113-bp
SINE sequence (with only A and B boxes) is combined with a
member of the L1-like family in the chimerical sequence of the
671-bp fragment obtained by PCR amplification of P. alecto
DNA (data not shown). The new LINE and chimerical se-
quences of P. pipistrellus and P. alecto were deposited with
GenBank.
With the screening procedure used, we have revealed two
other SINE/LINE chimerical retrotransposons in the P. pipis-
trellus and P. alecto genomes. This could suggest that both
Microchiroptera and Megachiroptera genomes usually harbor
the structural relationships between SINE and LINE chimeric-
type retrotransposons. However, there are 927 bat species with a
worldwide distribution (http://animaldiversity.ummz.umich.
edu/site/accounts/classification.html) and our hypotheses re-
quire further analysis. Moreover, the high degeneration of the
SINE retrotransposon found in the 671-bp PCR product from the
P. alecto genome is consistent with the dot hybridization results
described previously [16], suggesting that SINE VES retro-
transposons are not closely related to the Pteropodidae family.
In addition to the retropositional parasitism model [12], our
idea of the mutual relationship between SINE and LINE
retrotransposons could define a new way to amplify SINEs
and LINEs in the genomes of several bat species. Our future goal
will be to search for the chimerical retroelements in other
eukaryote genomes to understand the functional and structural
relationships between the chimerical retrotranscripts and the
host genomes.
Materials and methods
Bat species and DNA extraction
Genomic DNA was extracted from the liver tissue of a P. kuhli male,
coming from a fresh road kill, as previously described [31]. DNA samples of
P. pipistrellus, M. myotis, P. scapulatus, P. poliocephalus, and P. alecto were
kindly provided by Dr. Antonio Sánchez of Jaén University (Spain).
Construction and screening of genomic library
For isolation of novel tRNA-derived SINEs from the P. kuhli genome, total
DNAwas digested with the EcoRI restriction endonuclease (50 U/μg DNA) andDNA fragments were ligated to the EcoRI site of the pGEM3 vector (Promega).
One Shot TOP10 competent cells (Invitrogen) were transformed with the
ligation reaction. The bacteria recombinants of interest were selected by colony
hybridization [32] using an 80-mer oligo (synthesized by Roche Molecular
Biology and termed VES SINE) covering positions 11–90 bp of the consensus
sequence deduced from the VES elements of the water bat M. daubentoni [16].
The VES SINE oligo was digoxigenin labeled using the DIG oligonucleotide
3′-end labeling kit (Roche). Hybridization, washes, and detection were carried
out according to the supplier’s instructions (Roche). Positive clones were then
sequenced in both directions using an automated DNA sequencer (ABI Prism
310; Applied Biosystems/Perkin–Elmer) with universal SP6 and T7 primers.
Southern blot analysis of digested genomic DNA
To establish the genome organization of the P.k.SINE family, genomic DNA
from P. kuhli was completely digested with several restriction endonucleases
(EcoRI, EcoRV, BamHI, PstI, KpnI, HaeIII, and SacI). The resulting fragments
were separated on a 1% agarose gel and Southern-transferred to a nylon
membrane (Hybond-N+; Amersham) under standard conditions [32]. The P.k.
SINE15 clone was digested with EcoRI and MseI restriction nucleases and
the retrotransposon insert (SINE15) was purified by agarose gel electropho-
resis and labeled by random priming (Roche) for filter hybridizations.
Hybridizations were carried out (25 ng/ml digoxigenin-labeled DNA) at 65°C
overnight.
RNA isolation
Total RNAwas isolated from frozen liver pulverized in liquid nitrogen using
the Trizol reagent (Invitrogen), based on the phenol–guanidium thiocyanate
procedure [33]. All RNA samples were further treated with rDNase I (USB) to
remove residual contaminating DNA (4 U/μg RNA). cDNA synthesis was
performed according to a Reverse Transcription System kit using 1 μg RNA and
the random hexamer primers with and without the addition of AMV reverse
transcriptase (Promega). The efficiency of cDNA synthesis was equal in all
preparations, as verified using RT-PCRwith universal primers for the β-actin gene
(Clontech).
RT-PCR
To isolate LINE transcripts, we designed two LINE-specific primers to the 3′
and 5′ parts of the chimerical sequence of the P.k.SINE15 clone (5′-rt, 5′-
AGAGAAATCAAGAAAGTGATCC-3′, and 3′-rt, 5′-TTTATGCCAGGAC-
CATACTAT-3′), whereas to isolate SINE/LINE chimerical retrotranscripts we
combined the 3′-rt primer with a SINE15-specific forward primer (5′ SINE,
5′-GGTTTGGCTCAGTGGATAGA-3′). Primer positions designed for RT-PCR
analysis are depicted in Fig. 3.
PCR amplifications were performed in a final volume of 50 μl containing
7.5 μl of total cDNA, 1 μM each primer, 100 nM each dNTP, and 2.5 μl of
AmpliTaq Gold DNA polymerase with its appropriate buffer (Applied
BioSystem). PCR conditions were the following: 94°C for 30 s, 50°C for
30 s, and 68°C for 50 s, 35 cycles. All RT-PCR experiments were reproduced at
least twice using independent cDNA preparations.
The resulting 387- and 469-bp cDNA products were purified from the 1.5%
agarose gel and cloned into a pDrive vector (Qiagen) in the TOP10 competent
cells (Invitrogen). The inserts were sequenced on both strands with universal T7
and SP6 primers. The 387- and 469-bp cDNA products were termed LINE1-
cDNA and SINE/LINE-cDNA, respectively.
Chimeric SINE/LINE analysis in several bat species
The presence of SINE/LINE chimerical organizations in other bat species
genomes was investigated by PCR analysis. Genomic DNA (150 ng) of P. kuhli,
P. pipistrellus, M. myotis, P. scapulatus, P. poliocephalus, and P. alecto was
PCR amplified with the 5′-rt and 3′-rt primers under the conditions described
above. PCR products were separated in 1.5% agarose gels, Southern-transferred
to nylon membranes (Hybond-N+; Amersham) and separately hybridized at
55°C overnight with digoxigenin-labeled SINE15 and LINE 1-cDNA probes.
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Sequence data were analyzed and compared to the GenBank–NCBI
databases using the BLAST network service (http://www.ncbi.nlm.nih.gov/
BLAST/). Multiple sequence alignments of SINEs from the P. kuhli genome
were performed utilizing the ClustalW (1.8) program [34] from the DDBJ
Homology Search system (http://www.ddbj.nig.ac.jp). RNA secondary structure
of SINE15 was predicted using the mfold server [35]. Database search for
similar RNAs on the basis of both primary sequence and secondary structure of
SINE15 was performed using the RSEARCH program and the local alignments
were calculated using the RIBOSUM matrices [22].Acknowledgments
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